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Traditional free radical and anionic conjugated diene polymerization processed in a random manner resulted in stereoirregular chain microstructure, although recent advances shown precise polymer architecture specified in chain components and length such as block, graft and star polymers based on conjugated dienes and styrene have been achieved via controllable anionic and radical synthetic strategies [1] [2] [3] [4] [5] .
High level of stereoregulated, but not the molecular weight of conjugated diene polymers can date back to the discovery and emplyment of Z-N type of catalysts since the middle of last century, which has remained one of the widely used organometallic mediated catalytic processes for large production of various rubber based materials. Industry applied systems such as tianium tetraethoxides/AlEt 3 [6] , vandium trichloride/AlR 3 [7] [8] , Co(acac) 3 /CS 2 or Ph 3 P [9-10] and recently emerged rare earth catalysts [11, 12] are notable for their unique catalytic properties, in particular, polymers with high level of regioregularity such as trans-1,4 [11] [12] [13] , cis-1,4 [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] and 3,4 (1,2) [24] [25] regio-and/or stereoselectivity, as such, 1,2-syndiotactic [23] for polybutadiene, and syndiotactic 3,4 (1,2) [24] , isotactic 3,4 [25] for polyisoprene as well as their block combinations have been unprecedently achieved.
Research dedicated to the design and development of homogeneous, single-site catalysts for the synthesis of polydienes during the past twenty years have provided 6 tremendous momentum in catalyst evolution and have revolutionized the field of polyolefin and polydiene research by establishing new opportunities for mechanistic understanding, catalyst control, and tailored polymer synthesis unachievable for heterogeneous catalyst systems. The infacy of metallocene catalyst has made significant progress with the development of single site group-3, 4 and lanthinide metallocene catalysts [26] [27] [28] [29] [30] , and this revolution allows us to manipulate polymer microstructures, especially the powerful copolymerization capability of conjugated dienes and various α-olefin monmers furnishing varieties of copolymers with unique chemical and physical properties [31] [32] [33] . In paralled to the metallocene revolution, momentous developments have also been witnessed since the discovery of highly active nonmetallocene mid-and late-transition metal polymerization catalysts.
Research in this area involves the design of various new ancillary ligands to support and activate the metal center toward diene monomers. In this respect, there has been increasing interests in the applications of N-O [21, [34] [35] , SOOS [31] , P-P [36] [37] [38] , and pincer ligand N,N,X (X = N, P and C) [22, 23, [39] [40] [41] covering over a broad range of catalytic reactions, in particular, catalyzing diene with polar monomers, as such straightforwards access to a new family of functional rubber materials.
We have been establishing pyridine based compounds as ligand family for transition metal catalyzed organic transformations [42] [43] [44] and olefin polymerizations [45] . The modification of substituents at proper positions of ligand may conveniently be altered to allow for the fine-tuning of both the steric and electronic properties of ligand, which in turn mediate metal induced catalytic performances. The discovery of bis(arylimino)pyridine ligand assisted olefin catalysts by Brookhart [46] and Gibson [47] have stimulated the evolvement of a great diversity of pincer complexes and many other geometry type of complexes as catalyst precursors over the past two decades. This finding has also intrigued us to investigate the catalytic performance in conjugated diene polymerization and allowed access to various microstructural controlled polybutadienes. The catalyst structure-polymer microstructure relationships show distinctive monomer coordination and insertion modes are operated [48] . In persuit of efficient catalyst, we also have developed classes of NNN [23] and NNP [42] [43] [44] [45] pyridine transition metal olefin and conjugated diene catalysts which have straightforward transformed butadiene to generation of polybutadiene with desired structures. Herein, we report 2,6-bis(dimethyl-2-oxazolin-2-yl)pyridine (Pybox(-Me 2 )) supported transition metal complexes for microstructure controllable butadiene polymerization.
Results and discussion

Syntheses and characterization and complexes
Pybox(-Me 2 ) and the corresponding complexes were prepared with moderate to good yields ( Table 1 .
The differences in metal center do not lead to the significant distinction in their crystal and molecular structure. Single crystal X-ray structure analyses of Cr(III)Cl 3 L (Fig. 2) and Fe(III)Cl 3 L (Fig. 3 ) complexes are both crystallized in orthorhombic system and Pnma space group. They have an identical molecular structure with three 8 coordinated nitrogen atoms and three coordinated chlorides, and the geometry at the metal center is a little distorted from the typical octahedral geometry. The whole molecule displays C 2v symmetry about the equatorial plane with the other two nitrogens situated on the ends of the bent axis, in consistent with the decribed six coordinated iron and chromium complexes [22, 23] . As seen from the crystal structure, is generally less than the other metal-chloride bonds, while the bond value of Cr-Cl2 These subtle structures may affect their catalytic performance by influencing the monomer orientation, coordination mode, insertion into the growing polymer as well as the interconversion of syn-ally between anti-ally intermediate isomers.
The tunability of the selectivity
2,6-bis(oxazolin-2-yl)pyridines are versatile ligands assisted in metal catalysts for various organic transformation due to their feasible syntheses and easy modification of the steric and electronic properties, in particular, adjusting enantioselectivity via introducing chiral center into appropriate place of ligand has led to tremendous efficient chiral catalysts for organic building [49] [50] [51] [52] . Description of their catalysis behavior for polymerization, however, is conspiculously less, and reported examples are only limited in chromium [53] , iron [54] and ruthenium catalysts [55] .
The polymerization results in this study are described including the effects of various catalyst and polymerization parameters such as metal center, cocatalyst and additive. The polymerization conditions and polymer analysis results were complied in and trans-1,4 enchained product tends to be generated. This isomerization mechanism proceeding with retention or inversion of one configuration is of upmost importance when addressing stereospecific polymerization of butadiene.
However, adjusting MAO addition (Al/Co = 300 or 600) amount does not effect the selectivity significantly, and slightly influences on the polymer yield only. By GPC analysis, molecular weight of ten-thousand of magnitude and a polydispersity index (PDI) of 2-3 is calculated, implying single site active species are generated. and PDI of all polymers remain a relatively narrow with range from 1.9-2.7, virtually independent of the nature of cocatalysts.
The tunable selectivity of Co(II)Cl 2 L
Tuning the catalytic selectivity in situ is an efficient method for simultaneously realizing varieties of polymers based on one catalyst system, to reach this goal, 
Experimental
General methods
All experiments that required inert atmosphere were performed under argon using a Laboratories, Inc., degassed, and dried over activated 4 Å molecular sieves prior to use. Ligand was synthesized by our reported method [59] . NMR analyses of ligands and polymers were performed on a Bruker spectrometer, and the microstructures of polybutadiene were calculated by our reported methods [48] . . IR spectra of ligands were recorded on a BRUKE Vertex-70 FIR spectrophotometer. Elemental analyses for carbon, nitrogen and hydrogen were carried out with an elemental Vario EL spectrometer. ICP-MS analyses for chromium, iron and cobalt were run by Agilent 7500cx after microwave digestion with concentrated HCl. The molecular weights (M w and M n ) and the molecular weights distributions (M w /M n ) of polymer samples were measured by VISCOTEK GPC1000 with TDA305 (Triple Detector Array) as detector at 30 °C using THF as the solvent at a flow rate of the eluent of 1 mL/min, calibrated by narrow polystyrene standards. 
X-ray structure determinations
Syntheses and characterization of complexes
Procedure for butadiene polymerization
The polymerization runs were carried out following a standard procedure. A 100 mL Hydrogen atoms have been omitted for clarity. Hydrogen atoms have been omitted for clarity. Tables   Table 1 Crystal Hydrogen atoms have been omitted for clarity. 
